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(54) Manual release for a pyrotechnical actuator fired by a piezoelectric generator or igniter

(57) A fire extinguishing apparatus has a structure
defining a first chamber containing an electrically oper-
able explosive device, a piezoelectric cell (32) capable
of producing an electrical output in response to a me-
chanical force upon the piezoelectric cell electrically con-
nected to the electrically operable explosive device, a
container (22) of fire suppressant in contact with the
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structure, and a manually actuatable mechanical mech-
anism (30) adjacent the piezoelectric cell for producing
the mechanical force on the piezoelectric cell. The me-
chanical force produced by the mechanical mechanism
is applied to the piezoelectric cell to produce the electrical
output that actuates the electrically operable explosive
device.
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Description
BACKGROUND

[0001] This invention relates to fire detection and sup-
pression, and more particularly to pyrotechnically actu-
ated fire extinguishers which may be installed within ve-
hicles.

[0002] There are a wide variety of fire detection and
extinguishing technologies and fire extinguisher con-
structions. These include propellant-actuated extin-
guishers and extinguishers charged with compressed
and/or liquified gas.

[0003] Early propellant-actuated extinguisher designs
disclose a fire extinguisher wherein a liquid extinguishing
medium, such as bromotrifluoromethane, is expelled
from its container by gas evolved from the burning of a
pyrotechnic charge. The charge is originally stored in a
container which includes electric squibs. The charge con-
tainer is mounted in an upper end of the vessel within a
container cup. Opposite the container cup, an outlet from
the vessel is formed by an elbow fitting sealed by a rup-
turable diaphragm. Ignition of the pyrotechnic charge rup-
tures a wall of the charge container and vents combustion
gases into the vessel. The combustion gases serve as a
gas piston acting on the surface of the liquid rupturing
the diaphragm which sealed the outlet and propelling the
liquid out of the extinguisher.

[0004] The application of a propellant-actuated extin-
guisher to use in modem vehicles discloses an extin-
guisher in many ways similar, but the exemplary fire sup-
pressant utilized is Halon 1301 or various hydroflurocar-
bon agents such as HFC227ea or FE36. The lower end
of the extinguisher vessel is sealed by a rupturable dia-
phragm. A gas generating device is mounted atop the
neck of the vessel. The exemplary gas generating com-
position is 62% sodium oxide and 38% copper oxide. In
either exemplary example, the propellant-actuated extin-
guisher again contains a pyrotechnic charge to create a
gaseous pressure in a bottle. The pyrotechnic charge is
wired to the vehicle fire and overheat detection system,
which will send an electric current to activate the charge
upon detection of an overheat or fire condition.

[0005] In extinguishers charged with compressed or
liquefied gas, a valve is opened to actuate the extinguish-
er. In these extinguishers, a pyrotechnical actuator is
supplied with an electric current that ignites an internal
pyrotechnical charge. The pressure energy produced by
the pyrotechnic charge is turned into mechanical energy,
such as by moving a firing pin. In one example, the firing
pin pushes against a lever that turns a spindle. The spin-
dle releases a beam that allows a plug to open in the
valve, which allows for the compressed contents of the
extinguisher to be released.

[0006] In many integrated detection and suppression
systems electrical power is supplied from a detection sys-
tem to a pyrotechnical actuator to initiate fire suppres-
sion. This leaves the system vulnerable to failure of the
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power supply, detection system or the interconnecting
cables between the detection system and the fire sup-
pression actuation mechanism. While a fully powered de-
tection system may offer the best performanceiitis clearly
unacceptable for the extinguishing system to fail during
a fire event.

SUMMARY

[0007] In a first embodiment, fire extinguishing appa-
ratusis disclosed. The apparatus has a structure defining
a first chamber containing an electrically operable explo-
sive device, a piezoelectric cell capable of producing an
electrical output in response a mechanical force upon
the piezoelectric cell electrically connected to the elec-
trically operable explosive device, a container of fire sup-
pressant in contact with the structure, and a mechanical
mechanism adjacent the piezoelectric cell for producing
amechanical force on the piezoelectric cell. The mechan-
ical force produced by the mechanical mechanism is ap-
plied to the piezoelectric cell to produce the electrical
output that actuates the electrically operable explosive
device.

[0008] In another embodiment, a fire suppression ap-
paratus is disclosed. The apparatus has a pressure con-
tainer with a fire suppression material contained therein,
and a cartridge in communication with the pressure con-
tainer. The cartridge has a container cup with a pyrotech-
nic actuator with electrical leads. The pyrotechnic actu-
ator opens a valve element in the cartridge when current
is supplied to the pyrotechnic actuator via the electrical
leads to create a small explosion within the pyrotechnic
actuator. The apparatus also has a piezoelectric electric
element connected to the electrical leads and a mechan-
ical mechanism capable of generating a mechanical
force on the piezoelectric electric element. The mechan-
ical force produced by the mechanical detection mech-
anism is applied to the piezoelectric electric element to
produce the electrical output that actuates the pyrotech-
nic actuator.

[0009] Inyetanother embodiment, a fire detection and
suppression systemis disclosed. The system has at least
one fire detection apparatus, a control unit for receiving
signals from the at least one fire detection apparatus, a
power supply connected to the control unit and at least
one fire detection apparatus, a piezoelectric generator,
a pressure container with a material contained therein,
and a pyrotechnic actuator with at least one electrical
lead wire to the piezoelectric generator and at least one
electrical lead wire to the control unit. The electrical leads
allow forthe passage of currentto actuate the pyrotechnic
actuator, and the pyrotechnic actuator is connected to a
valve on the pressure container. The system also con-
tains a mechanical mechanism capable of generating a
mechanical force on the piezoelectric generator.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0010] The present invention will be further explained
with reference to the drawing figures listed below, where-
in like structures are referred to by like numerals through-
out the several views.

Fig. 1 is a combined schematic and elevation view
showing an integrated detection and suppression
system.

Fig. 2 is an elevation view of a suppression system.
Fig. 3 is a cross-section of a manual mechanism for
a suppression system.

Fig. 4 is a cross-section of another embodiment of
a manual mechanism for a suppression system.
Fig. 5 is a cross-section schematic of still another
embodiment of a manual mechanism for a suppres-
sion system.

Fig. 6A and 6B are schematics of integrated mechan-
ical and thermal detection actuation for suppression
systems.

Fig. 7 is a cross section of a combination mechanical
and thermal detection actuation for a suppression
system.

Fig. 8 is a cross section of another embodiment of a
combination mechanical and thermal detection ac-
tuation for a suppression system.

Fig. 9is a cross section of a still another embodiment
of a combination mechanical and thermal detection
actuation for a suppression system.

[0011] While the above-identified drawing figures set
forth individual embodiments of the invention, other em-
bodiments are also contemplated, as noted in the dis-
cussion. In all cases, this disclosure presents the inven-
tion by way of representation and not limitation. It should
be understood that numerous other modifications and
embodiments can be devised by those skilled in the art
which fall within the scope of the principles of this inven-
tion.

DETAILED DESCRIPTION

[0012] A manually actuated mechanism can be em-
ployed to generate a mechanical force on a piezoelectric
generator. The generated mechanical force can then be
applied to a piezoelectric element to produce an electrical
pulse to fire a pyrotechnical actuator. The piezoelectric
element could be either a piezoelectric generator which
applies power to fire an existing pyrotechnical actuator
or a piezoelectric element to directly ignite a pyrotechni-
cal composition within a pyrotechnical actuator. The aim
of the device is to provide an actuation element that is
suitable for use with either an electrically operated de-
tection system or an unpowered mechanically operated
detection system. Such a device would be compatible
with existing system designs allowing the use of the same
pyrotechnical actuator for both powered and unpowered
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modes of operation.

[0013] The manually actuated mechanismisillustrated
in the exemplary embodiments in Figs. 1-9. Referring to
Fig. 1, a fire detection and suppression system 10 is
shown. The system includes fire extinguisher 12, control
unit 14, power supply 16, primary fire detector 18, and
wiring leads 20. Primary fire detector 18 may include one
or more smoke detectors, overheat detectors, optical
flame detectors or similar devices known within the art.
Similarly, wiring leads 20 are electrical wires or cables
also known in the art. Control unit 14 will receive signals
from primary fire detector 18 and send a signal to provide
current to activate actuating mechanism 28. The current
comes from power supply 16, which may be a generator,
battery, or similar power source known within the art.
[0014] As illustrated in Figs. 1 and 2, extinguisher 12
includes container 22, distribution system 24, valve as-
sembly 26, actuating mechanism 28, and manually acti-
vated force mechanism 30. In the embodiment of Fig. 1,
manually activated force mechanism 30 is located re-
motely from container 22, distribution system 24, valve
assembly 26, and actuating mechanism 28. In the em-
bodiment of Fig. 2, manually activated force mechanism
30is adjacentvalve assembly 26, and in one embodiment
may be in direct contact with valve assembly 26, actuat-
ing mechanism 28, and/or container 22.

[0015] Container 22 is a pressure vessel, often re-
ferred to as a bottle. Container 22 is constructed from a
metal alloy or similar high strength rigid material that can
withstand high pressure. Container 22 houses a fire ex-
tinguishing material, such as a fire retardant or fire sup-
pressant, which may be either afluid or particulate matter.
A source of gas pressurizes the fire extinguishing mate-
rial at least when the bottle is in a discharging condition
and the fire extinguishing material is discharged through
an outlet when fire extinguisher 12 is in the discharging
condition. Valve assembly 26 connects container 22 with
distribution system 24. Distribution system 24 as illus-
trated is a pipe or tube that will lead to one or more nozzles
for spreading the fire extinguishing material over a se-
lected area to be protected, although other systems are
known to those of skill in the art.

[0016] Valve assembly 26 is connected to actuating
mechanism 28. In one embodiment, fire extinguisher 12
is charged with compressed or liquefied gas, and valve
assembly 26 is opened to actuate the extinguisher. In
these extinguishers, a pyrotechnical actuator is supplied
with an electric current that ignites an internal pyrotech-
nical charge. The pressure energy produced by the py-
rotechnic charge is turned into mechanical energy, such
as by linearly moving a firing pin. The firing pin pushes
against a lever that turns a spindle. The spindle releases
a beam that allows a plug to open in the valve, which
allows for the compressed contents of the extinguisher
to be released.

[0017] Inanother embodiment, valve assembly 26 has
avalve element having a closed position sealing an outlet
to the distribution system 24, and an open position per-
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mitting discharge of the suppressant through the outlet.
In one embodiment, valve assembly contains a valve el-
ement that is shiftable from the closed position to the
open position responsive to a pressure within the bottle
exceeding a discharge threshold pressure, whereupon
fire extinguisher 12 enters the discharging condition and
discharges the fire extinguishing material through the
outlet.

[0018] In various implementations, the valve element
of valve assembly 26 may comprise a poppet having a
head and a stem connected to the head. The head may
have a fore surface facing the interior of container 22 and
an opposite aft face from which the stem extends along
a poppet axis. Valve assembly 26 may have a locking
element which in the pre-discharge condition has a first
portion engaged to the poppet and a second portion held
relative to container 22. In the pre-discharge condition
the locking element transmits force to the poppet which
retains the poppet in the closed position and, responsive
to the pressure within container 22 exceeding the dis-
charge threshold pressure the locking element ruptures,
whereupon the pressure within container 22 drives the
poppet to the open position and fire extinguisher 12 en-
ters the discharging condition. A valve return spring may
bias the poppet toward the closed position. The return
spring is effective to return the poppet from the open po-
sition to the closed position when the fire extinguishing
material has been substantially discharged from fire ex-
tinguisher 12. In another embodiment, the pyrotechnical
actuator applies force to release a locking element at
which point the pressure within container 22 drives the
poppet to the open position and fire extinguisher 12 en-
ters the discharging condition.

[0019] The valve element may comprise a head having
a fore face facing the interior of container 22 and an op-
posite aft face and a collapsible shaft between the head
and a valve body. In the pre-discharge condition, when
the pressure within container 22 is lower than the dis-
charge pressure, axial compression of the shaft may be
effective to resist rearward movement of the head and
retain the head in the closed position. Responsive to the
pressure within the bottle exceeding the discharge
threshold pressure the shaft may collapse via buckling,
whereupon the pressure within container 22 drives the
head to the open position and fire extinguisher 12 enters
the discharging condition. The source of gas to create
pressure within container 22 may comprise a chemical
propellant charge. The chemical propellant charge may
have a combustion temperature of less than about 825°
C. The chemical propellant charge may have gaseous
combustion products consisting essentially of nitrogen,
carbon dioxide, water vapor and mixtures thereof. The
chemical propellant charge may consist essentially of a
mixture of 5-aminotetrazole, strontium nitrate, and mag-
nesium carbonate.

[0020] The source of gas may comprise a replaceable
cartridge containing a chemical propellant charge. A car-
tridge holder assembly known within the art may hold the
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cartridge and may have a first end mounted within an
aperture at an upper end of container 22 and a second
end immersed within the suppressant when fire extin-
guisher 12 is in the pre-discharge condition. A closure
may close the first end, and a replaceable squib may be
mounted within the closure. The discharge threshold
pressure may be between about 2 MPa and about 10
MPa. The fire extinguishing material may be selected
from the group consisting of PFC’s, HFC’s, water, and
aqueous solutions. In this embodiment, actuating mech-
anism 28 includes a pin that is driven by a pyrotechnic
charge. The pin will pierce the cartridge with the propel-
lant to start the discharge of fire extinguishing material
from container 22.

[0021] In one embodiment, fire extinguishing material
is contained by container 22 when fire extinguisher 12 is
in a pre-discharge condition. A replaceable cartridge con-
tains a chemical propellant charge that is activated by
actuating mechanism 28. Actuating mechanism 28 is a
pyrotechnic charge for a gas generator in the cartridge.
When activated, the gas generator releases a poppet
that is spring biased toward a first position in which it
blocks a path between the cartridge and the suppressant.
Upon combustion of the propellant in the gas generator,
the poppet shifts under pressure applied by combustion
gasses to a second position wherein such path is un-
blocked and the combustion gases may communicate
with and pressurize fire extinguishing material in contain-
er22.

[0022] Aside from being connected to power supply 16
via wiring leads 20, actuation mechanism 28 is also con-
nected to manually activated force mechanism 30. Man-
ually activated force mechanism 30 includes a mechan-
ical apparatus 34, piezoelectric generator 32, and wiring
leads 36. Again, wiring leads 36 are electrical wires or
cables also known in the art. In an alternative embodi-
ment, the system may not necessarily require control unit
14, separate power supply 16, and wiring 20 if the de-
tection mechanism is a secondary mechanical detection
system described further herein, and not primary fire de-
tector 18.

[0023] Piezoelectric generator 32 is a piezoelectric de-
vice known within the art. For example, typical piezoe-
lectric stack generators are manufactured by Piezo sys-
tems Inc. Atechnical concern with the use of piezoelectric
generators is the susceptibility of piezoelectric devices
to fail at temperatures close to the Curie temperature of
the piezoelectric material. PZT (lead zirconate titanate)
has a typical Curie temperature of 350°C and should be
able to function up to a temperature of at least 250°C.
Higher temperature materials are also available, such as
modified bismuth titanate, which is able to withstand tem-
peratures in excess of 700°C.

[0024] As previously stated, actuating mechanism 28
may be a pyrotechnic actuator. Typical pyrotechnical ac-
tuators used in fire suppression systems, for example
Metron™ actuators, require a firing pulse between
6-16mJ. The Metron™ actuators contain a charge that is
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lit to create a small explosion that forces out a firing pin.
Thefiring pin actuates a lever, gear, or similar mechanical
element that is used to operably move a valve from a
closed position to an open position. Commercially avail-
able piezoelectric generators, built up from stacks of thin
piezoelectric layers, can be designed to produce a high
current, low voltage output and are capable of delivering
10-20mJ for an applied force of 1-2kN. These devices
are therefore more than capable of supplying sufficient
energy to directly fire a Metron™.

[0025] Typically piezoelectric stack generators are of
the order of 20x5x5mm and are compatible with applica-
tion of a force from either a manually activated force
mechanism or a simple temperature sensitive spring
loaded or fluid pressure driven detection mechanism. In
order to generate a pulse of sufficient magnitude it will
be necessary to apply the force from either a manually
activated force mechanism, temperature sensitive detec-
tion element, or other component that creates a mechan-
ical force over a short period of time in the form of a short
sharp impact.

[0026] Several embodiments of manual activated
force mechanism 30 including mechanical apparatus 34
and piezoelectric generators 32 are illustrated in Figs.
3-5. The mechanical apparatus 34 in all embodiments
contain manual actuation devices.

[0027] Figs. 3 and 4 illustrate two examples of a spring
loaded mechanism in which an actuation piston is held
in place against the action of a compression spring by a
manually operable locking mechanism. In Figs. 3 and 4,
manual activated force mechanism 30 is a mechanical
mechanism that includes housing 40, spring 42, piston
44 with flange 46, and pin 48. Housing 40 is constructed
from a metal alloy or similarly rigid and fire resistant ma-
terial, and contains spring 42 and piston 44, which ex-
tends through a central opening in housing 40. Spring 42
is illustrated as a metal coil spring in compression be-
tween housing 40 and flange 46 of piston 44. In other
embodiments, spring is any elastic or resilient structure
capable of providing a force on the end of actuation pin
48. Piston 44 is around metal pin with flange 46 extending
from a central portion. In other embodiments, piston 44
is of any geometry that allows for movement through the
openings in housing 40, and constructed from any rigid,
fire resistant material. Pin 48 is any pin known to those
of skillin the art. In Fig. 3, pin 48a is illustrated as a cotter
pin (split pin) although other forms of pin such as a roll
pin may be used. Alternatively, as shownin Fig. 4, alever
48b may be used that swivels to an open position that
allows piston 44 to travel through housing 40 to strike
piezoelectric generator 32.

[0028] As piston 44 is drawn away from piezoelectric
generators 32, flange 46 puts spring 42 into compression.
Piston 44 is held in place by pin 48a atop housing 40
(Fig. 3) or lever 48b below housing 40 (Fig. 4). Upon
manual removal of pin 48, spring 42 will exert a force
upon flange 46 to move piston 44 downwards to contact
piezoelectric generators 32. The mechanical force on pi-
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ezoelectric generators 32 will create a current that is sent
via wiring leads 36 to actuation mechanism 28 to spark
the pyrotechnic charge therein, thus discharging the fire
extinguishing material from fire extinguisher 12 either
through the opening of a valve, or through the creation
of pressure from the pyrotechnic charge acting as a gas
generator as previously described.

[0029] Both the retaining pin 48 and lever embodiment
may be operated remotely via a cable attachment. The
embodiments shown may be operated remotely via a ca-
ble or lever/rod attachment with the piezoelectric gener-
ator in close proximity to the pyrotechnic charge. Alter-
natively, piezoelectric generator 32 may be in close prox-
imity to the operator and distant from the suppressor. In
this case, the current output from piezoelectric generator
32 is carried by electrical cables or wiring leads 36 to the
pyrotechnic charge.

[0030] Fig. 5illustrates a second embodiment of a me-
chanical mechanism for mechanical apparatus 30 with a
lever mechanism, which includes lever 50, pivot point 52,
and striker head 54. Again, all parts are constructed from
rigid fire resistant materials, such as metal alloys. In this
embodiment, striker head 54 is used to apply mechanical
force to the piezoelectric generator 32. As a downward
force is applied to the end of lever 50, the bar swivels
around pivot point 52, and striker head 54 is raised to
contact piezoelectric generators 32. In this design, a long
lever 50 may be used so as to decrease the amount of
force required to operate the system to assure enough
mechanical force is generated when striker head 54 con-
tacts piezoelectric generators 32.

[0031] Manual actuated force mechanisms 30 could
be coupled to any piezoelectric element employed for a
temperature activated release mechanism. For example,
the mechanical apparatus 34 described herein may be
combined with other actuators to provide a combination
electrical, manual, and mechanical system as illustrated
in Figs. 6A and 6B. In Fig. 6A, mechanical apparatus 34
and a thermally actuated apparatus 60a both are at-
tached to a common actuator 64 through a mechanical
force coupler. Actuator 64 will provide a mechanical force
on piezoelectric generator 32, which in turn provides a
current that is sent via wiring leads 36 to actuation mech-
anism 28 to spark pyrotechnic charge 66. In an alternative
embodimentiillustrated in Fig. 6B, mechanical apparatus
34 will provide a mechanical force on piezoelectric gen-
erator 32b, while thermally actuated apparatus 60b will
provide a mechanical force on piezoelectric generator
32a. Both piezoelectric generators 32a and 32b contain
wiring leads 36 that will provide a current to pyrotechnic
charge 66.

[0032] Fig. 7 is a cross section of a combination me-
chanical and thermal detection actuation apparatus for
a suppression system. The apparatus has mechanical
apparatus 34 including housing 73, pin 78, and spring
76a, and thermally actuated apparatus 60 including
housing 72, sensing element 70, and spring 76b. Me-
chanical apparatus 34 is similar to those disclosed in
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Figs. 3-5, and may includes any of the embodiments
thereof. Mechanical apparatus 34 and thermally actuated
apparatus 60 are joined by mechanical coupling 79. Pis-
ton 74 extends through both mechanical apparatus 34
and thermally actuated apparatus 60, and contains two
respective flanges that hold springs 76a and 76b in com-
pression in the unactuated state.

[0033] Housings 72 and 73, and mechanical coupling
79 are constructed from a metal alloy or similarly rigid
and fire resistant material. The material should also allow
for heat transfer through the walls of housing 72. Piston
74 is formed from a similar material as housing 75, and
has its center shaft surrounded by sensing element 70.
Springs 76aand 76b are illustrated as a metal coil springs
in compression between housings 72 and 73 and the
flanges of piston 74. In other embodiments, the spring is
any elastic or resilient structure capable of providing a
force on the flanges of piston 74.

[0034] Sensing element 70 is a temperature depend-
ent material, such as eutectic solder or solidified salt so-
lution. In the solid state, the temperature dependent ma-
terial holds actuation pinin place, creating a compressive
force on spring 76b. Upon reaching a set threshold tem-
perature, the solder or solidified eutectic salt solution will
melt and become fluid. This will allow the stored com-
pressive force on spring 76b to release and drive piston
74 towards piezoelectric generator 32. The force on the
piezoelectric generator 32 will create a current that is
sent via wiring leads 36 to actuation mechanism 28 (not
shown in Fig. 7) to spark the pyrotechnic charge therein,
thus discharging the fire extinguishing material from fire
extinguisher 12 either through the opening of a valve, or
through the creation of pressure from the pyrotechnic
charge acting as a gas generator as previously de-
scribed.

[0035] In one embodiment, the force of spring 76b is
such that when sensing element 70 becomes liquid, it
will cause pin 78 to shear allowing for movement of piston
74. In an alternative embodiment, mechanical coupling
79 is designed to allow the independent action of the
portion of piston 74 within thermally actuated apparatus
60 from the portion in mechanical apparatus 34 when
sensing element 70 is activated at its threshold temper-
ature. Inthe temperature range below the activation tem-
perature of sensing element 70, the entire piston 74 is
coupled to allow manual activation of the mechanical ap-
paratus 34. In a further alternative embodiment the force
of spring 76a is such that when pin 78 is removed it will
cause the failure of the mechanical hold between the
piston 74 and the housing 72 provided by sensing ele-
ment 70 allowing for movement of piston 74.

[0036] Fig. 8 is across section of another embodiment
of the combination mechanical and thermally actuated
apparatus for a suppression system. The apparatus has
mechanical apparatus 34 including housing 82, piston
89, pin 88, and spring 86, and thermally actuated appa-
ratus 60, sensing element 80, second piston 84, and di-
aphragm 85. In this embodiment, housing 82 acts as the
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mechanical coupling to join mechanical apparatus 34 and
thermally actuated apparatus 60. Housing 82 is con-
structed from a metal alloy, and acts to contain sensing
element 80 on the sides, while allowing for the linear mo-
tion of second piston 84 in the direction of piezoelectric
generator 32. Mechanical apparatus 34 is similar to those
disclosed in Figs. 3-5, and may include any of the em-
bodiments thereof. To manually actuate the system to
provide mechanical force to piezoelectric generator 32,
pin 88 is removed. The removal of pin 88 releases spring
86, which pushes piston 89 within housing 82 towards
piezoelectric generator 32. Spring 86 has enough stored
mechanical energy to move sensing element 80 and
push second piston 84 through diaphragm 85 to apply
the necessary force to piezoelectric generator 32.
[0037] Sensing element 80 is anintumescent material.
For thermally actuated apparatus 60, the force to drive
second piston 89 is supplied by the intumescent material.
The intumescent material pushes against the base of
second piston 84, which is held in place against the action
of the intumescent material by diaphragm 85. When the
intumescent material is heated above a threshold tem-
perature, second piston 84 ruptures diaphragm 85 and
applies force to piezoelectric generator 32, which creates
acurrent sentto actuation mechanism 28 via wiring leads
36. An example of a suitable intumescent material is a
thermostatic wax.

[0038] Fig. 9is a cross section of yet another embod-
iment of the combination mechanical and thermally ac-
tuated apparatus for a suppression system. The combi-
nation apparatus has mechanical apparatus 34 including
valve 91, pressurized fluid 90b, and housing 92c, and
thermally actuated apparatus 60 includes housings 92a
and 92b, sensing element 90a, diaphragm 95, and piston
94. The unpowered linear heat detector of thermally ac-
tuated apparatus 60 generates force by the increase in
pressure of a fluid contained within a thin sensing tube
that is housing 92b. In the particular example shown,
sensing element 90a is the fluid pressure and applies
force to base piston 94 which is held in place against the
action of the fluid pressure by diaphragm 95. When the
pressure of the fluid exceeds a threshold value due to an
increase in temperature, the head of piston 94 ruptures
diaphragm 95 and is linearly propelled through housing
92a to apply force to the piezoelectric generator 32.
[0039] Mechanical apparatus 34 contains housing 92¢
thatis in fluid communication with fluid of sensing element
90a in housing 92b. Valve 91 prevents sensing element
90a from escaping the housing 92b and 92¢ when ther-
mally actuated. Valve 91 may be any type of valve known
to those of skill in the art, including butterfly, piston, nee-
dle, gate, ball, or similar types of valves. A source of
pressurized fluid is also in communication with housing
92c on the other side of valve 91. Upon manual opening
of valve 91, the pressurized fluid will be forced into hous-
ing 92c and 92b, and apply force to base piston 94. This
will in turn move piston 94 through diaphragm 95, result-
ing in force being applied to piezoelectric generator 32.
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[0040] Thermally actuated apparatus 60 in some em-
bodiments may have an activation temperature between
80°C and 250°C or higher, or any subset thereof, includ-
ing an exemplary range of between 100°C and 125°C,
and all components are designed as required by the spe-
cific application of the embodiment.

[0041] Piezoelectric stacks are relatively high cost el-
ements (for example, around $100 in small volumes),
and as such it would be preferable to use a lower cost
(forexample, <$5) single crystal such as those commonly
used in piezoelectric igniters. The use of a piezoelectric
stack to fire an existing pyrotechnical actuator utilises the
spark generated by a piezoelectric igniter to initiate com-
bustion of the pyrotechnical charge in actuation mecha-
nism 28. In one embodiment, this requires the use of a
pyrotechnical actuator capable of being fired by a single
electrical spark.

[0042] The spark generated by a piezoelectric igniter
is more suited to the ignition of a flammable gas rather
than a solid pyrotechnical charge; however, in a compact
actuator a solid charge is required to generate sufficient
force to drive the actuator. In one embodiment, a piezo-
electric igniter is used to ignite a flammable gas which in
turns ignites a pyrotechnical charge. In another embod-
iment, the device in which the spark electrodes are
housed in a free space is separated by a thin gauze from
the pyrotechnical charge. The free space would be filled
with a flammable gas which could be ignited by a piezo-
electric igniter to fire the pyrotechnical charge.

[0043] The benefits of the disclosed embodiments for
the fire detection and suppression system are that the
system provides a means for incorporating a secondary
emergency release mechanism in an electrically operat-
ed system which operates in the event of system failure
without the need to alter the design of the existing fire
extinguisher design. Further, a means for using an un-
powered, self contained detection mechanism with ex-
isting electrically operated extinguishers is now provided.
Thus, withthe embodiments disclosed, the system allows
for a single pyrotechnical actuation element for use with
either an electrically operated detection system or an un-
powered mechanically operated detection system ena-
bling commonality of parts between different installa-
tions. With the disclosed embodiments, there is no need
to worry about power failures, electrical detection errors
from the control unit and detection devices, or wire fail-
ures during a fire incident as the mechanical temperature
sensing apparatus 34 will act as a backup and redundant
system.

[0044] Although the present invention has been de-
scribed with reference to preferred embodiments, work-
ers skilled in the art will recognize that changes may be
made in form and detail without departing from the scope
of the invention.
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Claims

1.

A fire extinguishing apparatus comprising:

a structure defining a first chamber containing
an electrically operable explosive device;

a piezoelectric element capable of producing an
electrical output in response to a mechanical
force upon the piezoelectric element electrically
connected to the electrically operable explosive
device;

apressure container with material housed there-
in; and

a manually actuatable mechanical mechanism
adjacent the piezoelectric element for producing
the mechanical force on the piezoelectric ele-
ment;

wherein the mechanical force produced by the me-
chanical mechanism is applied to the piezoelectric
elementto produce the electrical output that actuates
the electrically operable explosive device.

The fire extinguishing apparatus of claim 1 wherein
the mechanical mechanism comprises a spring and
a piston, the piston being manually releasable so as
to be urged by the spring into contact with the pie-
zoelectric element.

The fire extinguishing apparatus of claim 2 wherein
the mechanical mechanism further comprises a pivot
point and a lever, the lever being arranged to retain
the piston against the spring and manually actuata-
ble to release the spring.

The fire extinguishing apparatus of claim 2 wherein
the mechanical mechanism further comprises a di-
aphragm and an actuation pin.

The fire extinguishing apparatus of claim 1 wherein
the mechanical mechanism comprises: a housing, a
sensing fluid, a diaphragm, and an actuation pin.

The fire extinguishing apparatus of any preceding
claim further comprising:

a thermal sensing mechanism connected to the
mechanical mechanism;

wherein the thermal sensing mechanism will actuate
a portion of the mechanical mechanism at an acti-
vation temperature to provide the mechanical force
on the piezoelectric element.

The fire extinguishing apparatus of claim 6 wherein
the thermal sensing mechanism has an activation
temperature between 80 degrees Celsius and 250
degrees Celsius.
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The fire extinguishing apparatus of any preceding
claim wherein the material in the pressure container
is a fire suppressant or fire retardant.

A fire detection and suppression system comprising:

at least one fire detection apparatus;

a control unit for receiving signals from the at
least one fire detection apparatus;

a power supply connected to the control unitand
at least one fire detection apparatus; and

the apparatus as defined in any preceding claim
connected thereto.
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